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(57^ Tho Invention provid^^ for b morhod of tornilng 
a GaN-bafi«d compound semiconductor having axcol- 
ient crystalfintty and a GbN- based semiconductor do- 
vice produced thorefrom. A discrete SIN buffer body Is 
forniod on a substrata, and a GaN bulfar tayar is formed 
thereon at low ternperatunss and a GmN semiconductor 
layar is then fonnad at high temperatures. By tomiing 
tho discrote SiN t>ijffDr body, (he cryfital growth, which 



is dopondom on tho cubeiraio, of tt^a low^lemp<»ratUra 
buffer layer i& inhibited and monocrystatiization is pro- 
moted to ganerato soad cryetalB used at tho timo Ol 
growing tho GaN buffer tayar. Further, by r<^mitig aiOg 
dtscrateiy between the subetrata and the StN buffer 
body or by forming inGaN or a superlattico layer on tho 
GaN scmiconduGtor tayar, distortion of the GaN semi- 
conc^tor iayor ie reduced. 
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Description 

[00O1) Tho preseni invention rotates to a dalliLim nftride-based compound semiconductor and to a melhod of pro- 
ducing the same. 

3 it002) Gaiiium nHrfde-bas^ semiconrjiictor» are widely used in tuminous devlcea such as L£D8» ancf in othcH- dp- 
plications, in prodiictton of GaN eamiconduotore, a bltio laser which is oporebia continuously over 10,000 hours al 
room temperature has been reportecl.(S. Nakamura ei sil Apply Phys.Lelt. 72, 21 1 <1 998)) for growing GaN on a sapphire 
substrate by using an £LO (cpllaxlally Laterally Ovorgrown) method, in the ELO method, a GaN layer of soveral 
microns Is fomied on the sapphire substrate and an SiO^ mask Is fomicd in the fomi of stripes In the<11 00> cRrectlon 

10 of OalM. SlO^ formed in the fom^ ot str^ee has an opening ratio of about 2:1 . GaN Is caused to grow again In a pdr^ 
prndicuiar direction from the openings of the SiO^ mask, after whfcb GaN is caused to grow »n a horizontal dnreotion 
so AS to coverthe SlO^. thereby forming a continuous GaN Ifiyer. Thus . the dislocation denstty of the GaN taiyer ooveHng 
the SlOg nruwk is reduced and a luminous dovice having the above propertias (a obtained. 

C0OO3] However, in this ElO method, a reduction in dislocation density occurs oniy at the portions of the Inyer 

f8 where the SiO^ mask exists, and only these portions exhibit good properiiea. 

t00O4| l\4eanwhile, in view of latdcc mismatching between sapphb^e and GaN. It has also been proposed that a GaN 
or AIN buffer layer be gmwn on a sapphire sid>8trele at tew temperatures then a GaN or GaAIN layer or the like 
bo grown on IhaL buffer layer. For example, Japanese Patent Applk»lion mid-Open No. Hel 4-297023 discloses Uiat 
a GaAIN buffer layer Is caused to grow on a sapphire substrate at low temparaturos and then a semiconductor layer 

^ such as QaN is further formed. 

C0006] However, even m this method, high distocatlofi dons^ occurs In the k>w-temperaturo buffer layer, so that high 
dis location denstcy .fSUso occurs in the QaN or GaAIN layer formed thmcn . This is nor satlsfac^ry in obtaining a luminous 
device that ie operable centinuoufiiy over a long period of time. 

(0006] The Invention seeks to provide for a GaN-baecd compound semiconductor device, and method ct produoir^g 

23 the sanr^e, exhibiting en advantage ovet known such devices and methods. 

10007] An^ong the cbjects oT the proeent Invention there is the provision eta method which onabies mlatlvely simple 
reduction of distoeatlon density of a GaN<based compour>d semiconductor to a level at least that resulting from the 
ELO method: and to provide a GaN ^sased compound semiconc^cior device having low dislocation density 
(0OO8] The present Invenlton advar>tegeously relates to a method Tor producing a GaN-based compound semlcon- 

ae ductor, which comprises the stops of (a) forming a buffer body discretely on a sutTstrete. (b) forming buffer layer on tho 
buffer body, and (c) forming a GaN-based compound semiconductor layer on the buffer layer. 

[0009] One aspect ot the present Inventton further includes a step of forming a crystal nucleus generation-lnh^iUng 
layer discretely on the substrate prior to the step (a). 

[0010] Another aspect of the present Inverttion further includes a step (d) of tomiing an InGaN layer on the GaN- 
3s based c(^pound d^lconcfeictor layer. 

[0011] StlH another aspect of the present Invention further includes a step (d) of lom>ing a superlatiice teyer having 
a quantum well structure on the GaN-based connpound semk:onductor layer, 

[0012] Further. In the present invorktlon. the step (a) can also be expressed as a step of forming a buffer lx>dy having 
multipte poros on a substrate. 

4e [0013) Still lurlher, in the present irrvonlion* the step (a) may also be a st^ of feeding SiH^ and NHa to a substrate. 
In one aspect, the amounts of &iH4 and NH^ to be fed are such that an di compound is formed in the fomn of islands 

on the substrate. 

[0014] in the present invention, when a buffer lay or is fonned on a substnate (at relath/oly low temperatures) and a 
GaN^basod compound semiconductor layer is further fomTcd thereon, it is possible to reduce tfie dislocation density 

^ of the GaN-based compound ssmlconduclor layer formed on tho bufler layer If Ifie dislocation density of the buffer 
layer can be reduced. The present inventor has found that by forming a buffer bo«ly discretely on a substrate, by forming 
a buffer body havir?g multiple pores on-a substrate, or by forming a buffer body In the fbmi of Islands on a substrate. 
tHiffer layer crystal growth, which Is dependent on the substrate, ts Inhit^ed over the buffer bod|y to suppress the 
occurrenee of dislocations, and monocryetaMi^ alien Is prbmoted to generate seederyetats of a GaN-based compound 

90 semiconductor, f^ore specifically the buffer layer grows In a perpendicular cHrectlon from the poree of the buffer body 
forrDed diacretoly and> in time, the butter layer grows in « honzontal direotion 80 ae to cover the buffer tx>dy. Growth 
of the buffer layer may be intenxipted in the perpendicular dtrectk>n hpm the pores, but not in the horUonial direction 
because the buffer layer is free from substrate influence. By controling the degree of discretion of the buffer body or 
the number of Its pores, the degree of crystal srowth In the hortzontal direction can also be controlled. 

as (001 5] In one cmbodlmcm of the present invention, a buffer body IS fohtiod when me teittperatutie of a substrate Is 
fiOO^C or lower. When a buffer body composed of a matertjiki such as SIN la formed at a substrate temperature of higher 
than 900«C. the surface or tho substrate is automatlcafty nftrided, and the buffer body Is inevltabty formed on the 
surfftco'nttrldod subarrme. It ts wall known that when GaN is formed on the surfaoe-rvltrlded substrate, the quality of 



2 



PAGE 8124* RCVD AT 12/14/2006 9:56:43 PM [Eastern Stand 



.To: USPTO 



Page 9 of 24 



2006-12-15 02:56:47 (GMT) 



7039974517 From: Winston Hsu 



EP1 111 683 A2 

tho GaN layer formoQl ie Qdversoiy affeoted. Therefore. U Ib dosirablo thai formation of the buflor l?ody be cartied out 
at t«»perarunes at wttich the aurfece of the subatmte Is not yet tuify nltifded. Which are dpeclftcafly 900*C or lower, 
preferably 700*C or lowor, and nf^ore preferably 450*C to 600*C. 

[0016] In mo present invention, a reduction Irt the dislooeilon d0r>6^ of the GaN-baeed compound eemiconductor 
9 nuiy cause didtortion in the grawn QaN-baeed ct^rr^ound eenfiiconductor. When tho GaN-based compound aamlcon- 
ductor la caused to grow directly on the substrate , dislocation ocoure. This dlsioctitloii atlevkilee the dialortion of the 
OaN^-baaed compound aenr>k:onouotor 8uoh distoftion does not become noticeable when the thicknesa ci the GaN- 
based compourKi eemiconductor layer Is vory smafi. but when tho distortion increases in proportion to an increase in 
the layer thicKnods, problems auoh as layer orackinp may occur. 
to (0017] Thus, in the present invention, a crystal nucleus gcner^ionHnhibiting layer is formed discrately prior to the 
formallort of the buffer fayer» not onty to reduce tho dislocation density of the GaN^baeed compound semicandijcton 
but also to ensure tho alleviation of Its distortion. The OaN-based compound scmiconcfcjctor grows from the porttons 
of the substrate where lha crystal nuclous genoratlon-lnhtbitlng iayer is rw>L formed tiind. in time, the growing portions 
of the GaN-bosed oonnpound seinlcondiictor proceed in a horizontal diracrton and meet one another so as to cover 
IS the crystaf nucleus generafion'inhfttiHAg layer. At these meeting portions, the distortion of the GaN^based compound 
semiconductor fayor Is allovlated. 

[001^ Purther» in the present inverAion. an InQaN layer or a euperiatt>ce layer having a quantum well structure cs 
formed on the GaN-based compound serrrfcondudor lay^r. not only to reduce the dislooatlon density of the QeN-based 
Compound semiconductor, but also to ensure the alleviatlor? of ite distortion. Because InGaN is not as hard aa GaN, It 
so can aitevlate the distortion of the GaN^based compound semiconductor. Mearwhile, tho duperlattloe layer having a 
quantum well structure can also aBevtatc the distortion of tho GaN-based oortipcund sefrtconduclor because it has 
large distortion due to lattioe mismatching. 

(0019] Further, the GaN-based compound aemlcondtvtcr device of the present invention comprises a burfer body 
which is rormed discretely on a sitetrate or a buffer body having mufttpla pores which is formed on a substrate; a 
S3 buffer layer formed on itic buffer t>ody; and a GaN-based compound semiconductor layer formod on tho tsuffer layer. 
[0020] in one embodiment of the present invention, this semiconductor device has a crystal nucleus genonatlon- 
inhtbifing layer between tfie substrate and the bulfer body. 

[0021 1 In another embodiment of the present Invention, this semiconductor devico has an InGaN layer or a 5t4>er- 
lattkse layer having a quantum Wotl eiructuro on the GaN-based Compound senncOn ductor layer 
so [0022] The Invention is described further hereinafter^ by way of oxamplo only, with reference to the accompanying 
drawings in which: 

[0O23| Fig. 1 rs a block diagram of the GaN-based compound semlconducttM' device. 
[0024i Fig. 2 Is a plan view of the SIN buffer body In Fig. 1 . 

[0025| Fig. 3 is an iHustraUOn showing crystaJlizetlcn of (he GaN-based compound semiconducior. 
^ [0028) Fig. 4 is a conceptual block diagram of the production devico. 
[DQ27] Fig. S Ifi a ftowchart showing the production process. 

[0020} Rg. GA is a TEM photograph of the device pmduoed by a pf^ductlon method aocorcfing to a ralated art 
[0020] Rg. 68 is ^ TEM photograph 6t the device procfejccd by the method of the present Invention. 
[003O] Fig. 7 (8 a gmph showing the result of subjecting the device to an X-ray difrraotion analysis. 
<e (0031] Fig. SA is an AFM photograph of an SIN buffer body. 

(00321 Rg. 6B Is an AFfA photograph of arK>thar 8tN tujffer body. 

[00331 Rg. 9 is a block dfagram of another Gal^j^based corripound semteon ductor dovtco, 

[0034] Fig. 10 Is a block diagram of stlil another GaN>baeod compound semiooncuctor device. 

[(K)35] Rg. 11 to a block diagram of stif another GaN-based compound senrUconductor device- 

[0036] Fig. 1 2 Is a block diagram of yet another Ga N-baeed compou nd semiconductor device. 

(0037] Fig. 13 Is a flowchart showing the production proeese of the QalM-based oompound eemioonducror device 

shown In Fig. 12. 

[0030] Profenrod embodiment of the present invention wfM heretnartor bo described with reference to the drawings. 
(0039] Rg. 1 sho^ the structure or a GaN-based compound semiconductor produced by the method of a first pre- 

00 ferred enDbodlment A SIN buffer body 12 le formed discretely on a dubdtraie 10 ^ch as sapphire. Oft the StN 12« a 
GssN buffer layer 14 having a thickness of about 20 nm is formed at low tnYiperaturea (such as &O0*C} ^nd Chen a GaN 
semiconductor layer 16 having a thbknese of about 2 fim la formed thereon at high temperaturos (such as 1,076*0). 
I0040] Rg. 2 Is a schematic plan view of the SIN buffer body 1 2 fontied on the eubstrato 1 0- Tho SIN buffer body 1 2 
ta formed, not In the form of a layer to cover the substrate 10. but discretely, so ad to have pores 11, as shown in Fjg» 

99 2. Thai Is, a phimiily of buiror bodies are discretely formed or a biiffer body having a pluraliiy of pored is formed. The 
SIN buffer body 12 is net fonned on the pores 11 ; that is, the substrate 10 Is exposed at these pores. The SiN buffer 
body 12 formed on the substrate 1 0 may be amorphous or cryGlaliino and, in either case, eamibte the effect of inhibiting 
the crystal growth of Ihe low-temparature GaN buffer layer 14 formed thereon. 
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[0041] Fig. 3 16 a echemalk; diagram ehowing the mochanism of crystalHifBtion of the GaN-baced compound semi- 
0(»>ducfor shown in Figs. 1 and 2. Because the SiN buffer body l« torm^ on the substrate la amorphous, the crystal 
growth of tha GaN buffer (ayor 14 formed at low lomp&ratures occurs, not on the SiN buffer body 12, but In a perpon- 
dlcular direction Tram gapa I2a and 12b (corresponding to pores 11 ehown in Fig. 2) ot the SIN buffer body f 2. as 
5 dhown by the arrows (a) in Frg. 3. This growing crystal is a crystal whose orientation varies depflnding on tho crystal 
orientation of the substrate 10. The crystal growth started from Iho 1^ and 12b of the SiN buffor body 12 starts 
in time to prot^ood in a horizontal diroction and forms over the SIN buffer body 12. At this point, since the SIN buffer 
body 12 Itself is amorphous, which means that ii do^ rrot have spociffc crystal oriontation. the portions o1 the OaN 
buffer layer 14 locating ovor iho SIN buffer body 12 are not greatly influenced either by the substrate 10 or by the SIN 
fO buffer body 12. Thdreforo. theee portions of the OaN buffer layer 14 aro apt to monocfydlaBi^c and aro free from the 
occurrehco of dislocation. Then, using khoso portlpna ol Iho QaN buffer layer 14 as seed crystals, the OaN aamicon* 
ductor layar 16 grows as shown by 1h<^ arrows (b) in Fig. a. As described above, in the pr^ent embodiment, iho 
c/ystallinity of tha GaN aamioonductor teryer 1 9 la Uvprovod by promoting fho rnonocrysialK^atSon of Eh« low'lemporaiure 
GaN buffer layer 14 by usir^d the SIN buner body 1 2. 

is {0042} Rg. 4 shows a conceptual diagram of tha production devica for tha GaN^asod compound semiconduetor of 
tho ptiEMtent embodiment, and F|g. 8 shows a flowchart showing tho production prooe&s. Finn, a eapphiro subatrato 10 
Is placed on a susceptor 21 In a r^iaction vuti0 20 to heat-treat tha sapphire substrate in an atmosphere by heating 
It 1^ to 1 .15o^C using a heater 22. After tho heat treatment, the temparatura of the substrate la towered to SOO^'C, a 
mixed gas of and la fod from a gaa-lntroduclng port 24 and incroducad Into the tube via a microporous member 

20 25 having gas permeability, and a etiane gas (SIH^), an ammoniB gas (NHg) and Hj are fad into the tiftko from a gaa- 
Introducing port 23 to form an 8fN buffer body 12 (8101). Tho flow rate of /.eppm StH^ diiutad In is 20 apcm, end 
that of 100% NH3 is at»out 5 aim. The SIN buffer bmly 12 is desirably fomned not at high temparatums over900^C, bi4 
at low temperaiures of 900*C or lower, prafarably 700*C or lower, more praf arably 450*C (o dOO*C (for axan^ 9te. £OC*C 
as have Indicated In the present embodtmant). When the ammonia gaa and the silane gaa are brought into contact 

^ with tho sapphke si^strato 10 heated to temperatures over 90<y>C, for example, temperatures of 1 ,0OO^C or higher, 
the surfaco ol the sapphiro 8ut>stfate 10 is automatically nitrided, and the SiN buffer body 12 Is Inevitably formed on 
the nttrided surface. It is known that the quafity of ths GaN lay^ grown on tho fully nltridod surface of the 8Ut>strete is 
inferior to that of the GaN layer grown on tHa unntinded surface of the eubstrale. It ^assumod that this Is because the 
surface of tho aapphir^^ (Al^^) siibstrate is converted to AIN by surface nitrid^ng and the surface of AIN Is an N surfaco 

SO {A\H lias a structure in which aluminum and nitrogen are alternately arranged, and its outenv^ost atom ts nitrogen). 
GaN grown on the nitrogen surface is inferior layer quality to that grown on an Al or Ga surface. Therefore, when 
fonning the SiN buffer body 12, it is necessary to form the SUN buffer body 12 by kxinging the anrvnonia gas and the 
sliano gas into contact with tha sapphiro subsrrato 1 o at tempormurca at wtilch the surfaco of tho suDstrato is not fully 
nilrided. NsW, the feeding of SIH4. is stopped, and, with tt»e temperature of the sjt>strate malntafnad at 500'C, trimeihyl 

S9 gaffium (TfWG). NH3 and are ted Irito the tube from the gas-introd ucing port 23 to grow a QaN buffer layer 1 4 (SI 02). 
The GaN buffer layer 14 la allowed to grow to a st^e of 20 nm in about 75 saeorida. Then, the substrate ID Is heated 
to 1 ,07S«C using the heater 22 and TMG, NHa and are fed into the tube from the gas-introducing port 23 likewise 
to grow a GaN somtoonduotor layer (S1 03). That Is. tho method of the prosont embodiment diff ora from tho method of 
the related art, which comprises Iho steps of growing a GaN buffer layer on a s^ibstrato at low temperatures (of about 

40 500*0 ^cl ihen growing a GeN layer at high tcrr^ratures (of not lower than 1 <00C*C), in that SiHi and NH3 are fad 
to ^a sut}strate 10 to causa a reaction prior to tho growth of the Iow4omporature buffer layer. 
[0043} Table 1 shows the propeftles of the QaN semiconductor produced by varying tha fomiation timo of tho SIN 
buffer layer 12, that la. the omoum of fonriaxion thoroof. 

4^ Table 1 



No. 


Formation Time of SiN (seconds) 


Mobility 


X-FW HM 


6urface Property 


1 


50 


25B 


244 


Good 


2 


100 


dai 


245 


Good 


3 


150 


281 


.266 


Fair 


4 


126 


392 


240 


Excellent 


5 


76 


332 


240 


Good 



[0044] Tat>ie 1 Shows five sarnptes prepai-ed »id numbered 1 , 2, 5. 4 and 5, for which the fonmalion time of the SIN 
buffer body 1 2 is set to be 60, 100, 160. 12S and 76eeoords, rospootively. Tho moasured propertied arc m<^iilty (cm^/ 
V«sec). the hait-wldih ot an X-ray rocking cuivo (X-FWMH). and the results or observing a surface property (surface 
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morphology) by a micfoscopD. As for ih© rorrnaHon time of SIN, stirrples Nos. 1,2 and 5 which are given rolaUvoly 
ahoit f orrnailoo time as 50 s. 75 s, and too 8 show relatively good surfaco properties and smell X-FWMH valued. On 
the other hnnd, sample No. 3 given relatively long SiN lorrrmtlon time as 1 50 s shows only a fair surface property and 
a roiativoty large X-FWMH value, it id assumed Chat this la beceusQ the long SiN fonmatlon Vmc cau&od the fomnatlon 
& of, not the discrete SIN buffer body 12, but an SIN layer on the aubstrate 10 and the SIN layef Inhibited the cryiital 
growth of the GaN buffer layer 14 and the GlaN sefniconduokor layer 13. In contrast. eanripleNo. 4 giveti an SIN formation 
tinf>c of izSs shows excellent surface cryetalllnlty end an extremely smell X-f^MH value of 240. Further, san^leNo. 
4 also has a large mobility value of 392» showing the improvement of electrte charactorislipd in proporHart to the kn- 
provomoni of crystalllnlty. 

[0045] A9 can be understood from the above, the crystalNnity of the QaN semiconductor layer 1 6 can be improved 
by forming the SiN buffer 1 2 not in the fomi of a layer, but in the form of multiple epdte on the eubetrato 10 by controifftg 
tt^e rorrnatlon time of the SiN buffer body 12, that b%, the amount of fomvition thereof. 

[0046] Figs. dA and 6d show iransmiaeion electron mioFOscope (TEM) photographa of the eecttorrs of the GaN aom- 
loonductor produced by the method of the prior ad and the QaN eemicondudor (oorrofipondlno to eannpie No. 4 In 
Table 1 ) produced by the method of the present embodiment Hg. aA shows the GaN semiCDnduetor produced by the 
method of the prior art. whOo Fig. SBehowe the GaN eomtconduoiorproduoed by the methodof the present embodiment, 
in Ftgs. GA and 68, g represents the [21 10] direction. Fig. fiA shows that the GaN semiconductor of the related art has 
a number of filament dlalocatlona oocurririg from (he Interface between the low-lemperaluro buffer tayer and the GaN 
layer. On the ether hand, unlike Fig. 6A> Fig. 6B shows that the GaN somlcondueior of the present embodiment has 

fto almost r^e dislocatione occurrihg from the interface between the low^temporature buffer layer and the GaN layer. Al- 
though eeme dieiecattonB can be raoegnbed In F^fg. 69. these ore not from the Interface between the low- temperature 
buffer layer and the QeN layer. Therefore; these dielooatlene that can be recognized in Fig. 6B are not caused by the 
low^tempereiuie buffer layer as was true in the prior art. They have eocurred as the OaN layer itceif has grown and. 
therefore, can be prohibited from odourring by controlling the growth condition of the GaN layer. The dislocation density 

» of the GaN aemlcondijetor produced by the method of the prosont emkjodiment shown In Fig. BB significantly lower 
than that of the GaN semiconductor produced by the method of the prior an: shown In Fig. 8A. and Is comparable to 
that of the GaN semiconductor produced by the SLO method. The effect of the mettiod ef the present emeodlmeni 
should tw obvious from Rgs. 6A and 63. 

(0047) Fig. 7 shows the resultant spectra of the X-ray diffraction analysis shown In Tal^ 1 . Fig, 7 shows the resulta 

90 of subjecting the GaN &emlconductof produced by the method of the related art and the GtaN semiconduclor produced 
t>y the method of the presem embodiment to i^e X-ray diffraction analysis. The GaN aamlconducTor produced t>y the 
method of the relsted art shows a haH^width (FWhM) of 265 aroseo, While the GaN eemlconductor produced l>y the 
method of the present embocttment, as already deecHtred above, shows a half-width of 240 arcscc. 
[0046] Figs. 8A and df3 show atomic force microacope (AFM) photogrsiphs of SIN buffer bodlee fontied cn ssapphire 

ss substrates by feetfing SiH4 and NiH^ to the substrates. Fig. BA show& the photograph of the ^N buffer body Termed 
with an SIN formation time of 50 sec (corresponding to aampte No. 1 In Table 1), while Fig. 8B shows the photograph 
of the SIN buffer body formed with an SIN formation Cane of 125 sec (corresponding to sampio No. 4 In Table 1). Fig. 
dB shows that tho SIN buffer body formed with the SfN formation time of 126 sec has a number of openings or poree 
whose euro Is expressed in nanometers, while Fig. 8A shows no signs of such openings or pores. Tho photograph of 

40 Fig, 8& corresponds to Fig, 2, and It is assumed that these openings or pores contribute to a reduction in dislocation 
density, ttint Is. II 13 (tesumed that by having such openings or pores on SIN, in other words, by forming SIN, not In the 
form of a continuous layer, but discretely or in the form of IslefKis, the crystal growth of the low-temperature buffer layer 
(n a horizontal direction is promoted, with the result of inhlbBlngthe oocun-ence of dislocations. 
[004dJ Although SiN iS used as the butrcr ttody rn the present embodiment, other materials thai can inhibi the crystal 

4^ growth of the bulTer body, such as SI and SIps, can also t>e used. 

[OOSOJ Further, arthough GaN is ueed as me buffer layer in the present eml>odimeni, GaAIN or AIN can also bo used, 
and the thickness of tho buffer layer can be made amalier than 20 nm. The sanne applies lo the gailium nitrldcbaeed 
compound eemlconducter layer, which means that GaAiN can be used In place of GaN. 

[00511 preeent embedment, when the QaN eemiconductor layer 16 Is fomied ih ^e manner as described 

so above, dletocetk}n density thereof is eignlficanUy reduced. However, distortion remains In the GaN eemicondustor layer 
16, Ctfid in proportion to an grease in the ihicknese oT the GaN semiconducter layer 16, its stnoss also increases. In 
some cases, the GaN semiconductor layer 16 may be cracked. 

{0053} Coneequentiy. by the addttion of another production step, the reduction or me cSelocation density and the 
alleviation of the distortion may be achieved simultaneously. 
iS5 (00633 Fig. 9 ehowe iho eiructure ot the oaN-baecd compound semiconducter produced by the production method 
of i^e present embodiment. The structurs of Rg. 9 is different from that ot Fig. 1 in thet 30 as a crystal nudeue 
generstlon-inhlblting layer la fbrmed dieereteiy on tho eubelrate 10 euoh as sapphire prior lo tho romnatlon of the SiN 
buffer body 12 and the low- temperature GaN buffer layer 14. on the substrate 10. That la, SiO^ 30 la first fonmed 
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discrotoly on the eubfilmle 10, and then. Ihe GaN^baeed compound semiconductor id fomiec^. following thQ-flotnrchart 
«hown in Fig. 5. SIO^ 30 can b» fofmod discretely by first forming SiO^ cn the substraie 10 by, for example, electron 
beam evaporati(>n or chemicePvapor deposition and then rdmovlng eorTK» portions of SiO^ by etching or the like. A« 
an ©xampie. SlOa 30 oan be formed In the form of slrtpos each of which has a width ot 2 to 50 [im, preferably 6 to 20 

* |im. and ia apart from adjacent atripes with a dl&lance which Is eimoat the aame aa the width 

C0094) When Che buffer body 12. the GbN buffer layer 14 and the GaN semiconductor layer 16 ere forrrsed on SiO^ 
30 which hae been foimed es described above, these layers grow from the openings of SiO^ 30, ttiat is, the portions 
ef the substrate 10 which are devoid of SiO^ 30, start In tfame to grow In a t«>rteontal cSroctton so as to cover SiO^ 30. 
and meet the layers growing out of other openings. At these mcetltig portions (one of which Is shown by (a) In Fid- 9). 

to the distortion within the QaN semiconductor layer 1 6 Is alleviated, whereby a good GaN semiconductor layer 1 6 which 
has low diefocatior) denelly and email dtetortion can be obtained. 

tSOBSl Other materials that ere completely or almost tree from the gefleratlon of crystal nuclei, such as SIN and 
can be used in place of SiC^. 

{DDSej Further, f^- 10 shows the structure of the GaN*based compound sen^nductor produced by tho production 
f» medtod of another embodiment. The structure of Fig. 10 is dlllerant from that of Rg. 1 fn that an InOaN layer 32 is 
fcmifid on tho GaN semloonduotor layer 16 and an AIGaN layer 34 Is fovmod on ttie tnGaN layer 32 to form tho device 
structure'. That ie, after the GaN semiconductor layer IE » iomned l>y following the flowchart shown in Teble 5. the 
fnOaM lay^32 fs farmed, followed by the formation of the AIGaN feiyer 34. Since the QaN semiconductor layer 16 
does not r»ave many dislocations to alleviate distortion, distortion may sttil remain within the inyer 16. However^ sinoe 
eo the hardhess of tfie InGaN layer 32 formed thereon is lower than that of the <2baN semiconductor layer 1 6 (InGaN is 
GOfter than GaN), the dtstoitlon of the GaN aeiTtlconduccor layer 16 is assmnHatod by the inGaN lay^ 32. whereby a 
dsvfce structure which <s free from cracki>^ can be obtair^ed. 

[00671 The thickness of die GaN samiconduotor layer 1 6 can be sui^ that the layer 1 8 Is not cracked t>y its distortion, 
which is. for example, about 0.1 to 3 iim. while The thickness of the InGaN layer 32 can be set 10 k>e 0.001 to 1 iim. 
9a Further, the content ol in in tho InGaN layer 32 may bo, for oKampIo, 0.02 to 0.5 wt%, preferably 0.05 to 0.2 Wt%. 
[0056) Further, a GaN or InGaN layer can bo used In place of tho AIGeN layer 34. 

t005d| Fig. 11 shows the structure of the GaN-ba6ed compound semicor^ductor produced k>y the production method 
of sUO another embodiment. The structure of Fig. 1 1 is different from chat of Fig. 1 In thai a superlattico tayer 36 having 
a quantum well Btniotura (or a muHllayer quantum well MOW) is formed on the GaN samtconductor layer 16 and the 

$9 AIGaN layer 34 la then formed on tho supertetttee layer 36 to fonn the device structure. TTiat is, after the GaN sem^ 
conductor layer 16 Is formed by foilowlr^g the flowchart ahown In Table 5, the superlattlce layer 36 ia fomied, followed 
by the fomwtion of the AIGaN layer 34. The superfattpce layer 35 may be termed, for example, by alternately larrrinating 
InGaN and GaN, as shown in Fig. 11 . Each of the layers constituting the $t^crtattk» layer ^ may have a thk;Kness 
of f to 100 nm, preferably 2 to 3 nm. Fig. 11 shows that the InQahJ/GaN super laajco laytir 36 comprises only two 

as pKchos. TttlB is for the sake of convenience, as a matte.'' of course, and the nuftib&r of the pitches may t>o expreesed 
by **n'' (n Is any number from 1 to 300, preferably around 20). Within the super lattice layer 36 (or multilayer quantum 
wail MOW) exists a large amount of distortion due to lattice mismatching. Therefore, by this tayer, the influence of the 
distoftlon of the GaN semtoonductor layer 16 on tho AlGoN layer 34 con bo inhlbftod. 

[0060] As combinations of layers constituting the super lattice layer 36, AIGalM/GaN or InGeN/AIGaN can also be 
<o uaod, in addition to InGaN^GaN , 

[0061) FurthcN*. a GaN or InGaN layer can t>o used in ptaco of the AIGaN layer 34. 

(OOaat] Rg, 12 shows the structure of the GeN-t>ased compound semk^nduclor produced by the production method 
of yet another embodln^em. A QaN semiconductor layer 40 is fomfrcd on tho substrate 10, and a SIN buffer body 42 is 
torrr^ed thereon. The GaN semicon<^ctor layer 40 does not require formation at a low temperature (eg., 500 'C), as 

4S Is required by the GaN buffer layer 14 in Rg. 1 , and can be formed at a desired lemperature, having desired width. 
For example, a GaN layer 40 can t>e formed under the same condition as that for the GaN semiconductor layer 16 in 
Fig. 1 . A SiN buffer body 42 can be f onned In the same process as that for the S8VI buffer body 1 2 in Fig, 1 . For example, 
a SIN buffer body 42 can be formed at a suliatratc temperature of 400 *C to 1200 using siiano gas and ammonia 
gaa suppNed. ^r the fomiation of SIN buffer body 42. a QaN semkx>nductor layer 44 ia formed again. Due to the 

so presence of the SiN buffer body 42, dlsk>eatlon density of the GaN semiconductor layer 44 can be reduced. 

I0O63I It shoukt be noted that although a SiN buffer body 42 is inserted Into the GaN eemloonducror layers 40, 44 
only once, growth of the GaN semiconductor layers 40, 44 may be discontinued at more than two times* as nocessary, 
so that a SIN buffer body 4Z may bo inserted every time of dlsconiinuallon. 
[0064] Also note that AIGaN may be used in tho place of GaN in Fig. 1 2. 

99 100661 Fig. 13 IS a ftowchait showing the production process for the caso shown in Fig. 1 2. tnltledly, a GaN semlcon- 
ductor layer 40 is formed on a sutksh^a (S201 ). Low temperature Is not required as fomiation condition, and Ihe layer 
40 oan be formed at a substrate temperature of, for exan^te, 1000 ''C or higher. Subsequently, growth of the GaN 
semloonduotor layer 40 is lemporarlly cfisoontinued. and stiane gas and nmmonia gas are kntroduoed into a reaction 
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tube to form SiN (5202). Siiane gas and ammonia gas may b« EUpplied for a period of time long enough for tha SiN 
to be fbrmcid discretely (a few seconds). Afber cho formation of S94, fh/IQ, ammonia, and are aupplled again to grow 
the GaN semicondudor layer 44 (S20S). 

[0066] Moreovor, although SiN \o used as the buffer bedy Jn the abovo ombodtncnts, other maladals that can Inhibit 
9 the cryatal growth of the buffer body, such as Si and SlO^, can also be used. 

(0067} FufUior« although GaN \s used as the buffer layer In the above embodiments, QaAiN or AIN can aiso be ueed, 
ancf the thickness of the buffer layer can be made smelter than 20 nm. The same appMes to the galUum nitride-based 
compound aamlcmductor layer, which moans that GaAIN can be used In place of GaN. 



to 



Ctalma 

1 . A method of forming a GaN-based cwnpound semiconductor; comprisins the steps of: 



fs (a) fonming a buffer body dtscretsiy on a substrate, 

<b) forming a buffdr layer on the buffer body, and 

<e} fofming a GaN-based compound semconductor layer on the buffer layer. 

a. A method 6t Jorm ng a GaN*based compound semloondudor, comprising the steps of; 

(0) forming a buffer body having rmilDpio poros on a oubatrato. 
0>) forming a buff^ layer on th6 buffer body, and 

(o) forming a 6aM4)ased compound semiconductor layer on the buffer layer. 

9S 9- A method according to Claim 1 or wherein the buffer body Is mad^ of Si or a Si compound. 

4. A method according to Claim 1 , 2 or 3. wherein the buffer body Is f onned when the temperature of the substrate 
is aoO'C or less. 

M a. A method of forming a QaN-besed compound semiconductor, comprising the steps of; 

(a) feeding SilH4 and nHs to a sutTStrate, 

(b) forming a buffer layer on the substrate, and 

(c) fomiing a GaNi-basod compound semiconductor layer on the bufter layer. 

3S 

6. A m^od acooniing to Claim S, wherein tha amounts of BiH^ and i^H^ to be fed are chosen such that an SI 
compound is formed in the fomi of Mcuids on the substrate. 

7. A method aeoording to Claim 5 or 6, wherein SiH4 and NH^ are fed when the tempertture of the substrate la 900*C 
^0 or less. 



8. A method according to any one of the preceding claims wherein a crystal nucleus generation-Inhibiting layer is 
foimed discroteiy on the substrate prior to the stop (a)* 

45 9. A method according to any one of the preccKling chiims wherein the ciystal nucieua gonaration-inhiblling layer Is 
formed in the form of stripes of SiO^, SIN or Si at a predetemiined interval. 

10. A method according to any one of the preceding claims, which further includes the step (d) of forming an InGaN 
layer on the QaN-baaed compound senniconductiDr layer. 

50 

11 . A method according to any one of Ctaims 1 to 9. which further Includes the step (d) of forming a superlattioe layer 
having a quantum we9 structure on the GaN-bosod compound semiconductor layer. 

12. A method aocwding toClalm 11. whojieln the superlattioe layer is formed by laminating tnGsN and GaN attomaloly. 

55 

ia. A GaN-based compound semiconductor device compftsfirg: 
a aut^atrabe, 
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a discrete buffer bQ<Sy formdd on the fiubiitrHiM, 
a bgff0r <«yer tonmed on the buffer t>ody, and 

a QaN-txad9d compound semlcorKiuc^tor layer Formed on tfid buffer layer. 
5 14. A GaN-ba^d compound semtcortductor device comprising: 
a substrate, 

a buffer body having mul^le pores formed on the eubatage, 
a buffer layer formed on the buffer body, and 
vtf a QaN-IMsed oompound semiconductor layer formed on the buffer layer. 

19. A-Gal^-'baaed oompound semiconductor deWca compdalng; 

a subatraia, 

*s a buffer body having multip)o Islands fomied on the substrate, 

a buffer layer fbmiod on the buffer body, and 

a OaN'baaed compound aemiconduclor layer formed on the buffer layer. 

1 6. A device aocordfng to Claim 1 3, 1 4 orl 5, which further Inciudea a crystal nudeua generation-Inhibiting layer formed 
90 between the aubetrate and the buffer body. 

17. A device accordin$i Id Claim 13, 14. 15 «r 16. which further included an tnCaaN layer formed on me GaN-bas<»d 
compound aemloomiuctor layer. 

^ 18^ A device according to ClaSm 13, 14, 15 or 1 6. which further inciudea a BUperlattica layar having a quantum welt 
atnjdure fbrmed on the GaN^basod oompound sonrdconducror lAyor. 

19< A method for producing a QaN-based confound semiconductor, comprising the steps of: 

90 (a) fomiing a OaN^ba^ed compound soiricondi^ctor on a substfata; 

<b) discontinuing formation of trie GaN-^osed compound semiconductor to form a S\N buffer body; and 
(c) fomilng a OaN-ba«od ccrr^ound semiconductor on the SIN t>uffer body. 

20. The method according lo Claim 19, wheroin the SiN buffer body is formed when the temperature of the aubetrate 
ls4O0*CtDl2OO»C. 
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